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PREDICTION OF BARELY VISIBLE IMPACT DAMAGE IN 
COMPOSITE PANELS SUBJECTED TO BLUNT NOSE IMPACT  
 
Umar Farooq, Peter Myler, and Baljinder K. Kandola 
School of Built Environment and Department of Engineering 
University of Bolton BL3 5AB 
 
Abstract 
The present study reports a computational methodology for predicting the barely visible 
impact damage (BVID) in carbon fibre-reinforced composite panels subjected to low 
velocity impact damage from a blunt nose impactor. Since the fibre-reinforced 
composite structures are susceptible to out-of-plane impact loading that occurs in many 
forms affecting the structural performance in differing degrees. In particular the BVID 
is invisible on the impact surface but lead to severe strength and stiffness degradation.  
 
The extent of BVID damage is difficult to measure as it cannot be seen by visual 
inspection and damage is hidden among the layers that cause inter-laminar strength 
reduction which induces secondary invisible effects. Relationships between forces and 
deformations are much more complicated in composites than in conventional metallic 
materials due to composites’ higher transverse shear and transverse normal stress 
deformability. Modelling of impacted composites becomes more difficult when a ply 
suffers damage. It affects performance of the whole laminate generating an iterative 
process each time a local ply or part of its material is degraded and continues until 
ultimate failure.  
 
In order to model such material damages the approaches evolved in classical and 
modern layer-wise theories are based on impact damage initiation and propagation 
correlated with stress concentrations and deflected regions or damage between layers is 
introduced through configuration of damage to the idealized interfacial layer. The 
correlation and link between stiffness degradation and deflection as well as damage 
induced plies paves the way to develop the computational model in this work.  
 
The model's ability to predict added response indicated a capability to predict 
progressive damage and design parameters. The results of static load-deflections for 
identifying induced damage areas are presented in the form of fully simulated images. 
Impacts due to flat nose impactors are considered appropriate when impact energies are 
at moderate levels and the back surface of the specimen is not protruded.  
 
The computed and the available experimental results are compared and found to be in 
acceptable agreement for design work. The model could be applied to similar problems 
for further studies and design improvements. The methodology used here is efficient 
and also reduces the need for expensive and lengthy experimental testing. 
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1. Introduction. 
High strength to weight ratio, high creep resistance, high tensile strength at elevated 
temperature, and high toughness have garnered higher interest in numerous automotive, 
aerospace, and sports applications. A problem that has restricted the full potential of 
composites is their response to impact loading. Low velocity impacts, such as those 
caused by drop tools during maintenance, is of primary concern since these impacts can 
cause the BVID which can reduce the residual strength by as much as 60% [1-7]. In the 
past research, the common impactor used has been hemi-spherical. However, a dropped 
tool on a composite panel may impact the panel with any shape. Most of the available 
literature is experimental. Some of the relevant studies are given below:  
 
The dynamic response of composite structures subjected to transient dynamic loading 
has been studied in terms of analytical, numerical (Aslan 2006)  and experimental works 
(Krishnamurthy, 2003). Pierson and Vaziri in1995 presented an analytical model based 
on the combined effects of shear deformation, rotary inertia and nonlinear Hertzian 
contact law with an aim of studying the low-velocity impact response of simply 
supported laminated composite plates. Sun in 1977 applied a modified Hertzian contact 
law to study low-velocity impact response analysis of composite laminates. Yang and 
Sun  in 1981 resented the experimental indentation law through static indentation tests 
on composite laminates. Tam and Sun (1982) developed their own finite element 
program to analyze impact response of composite laminates and they performed impact 
tests using a pendulum type low-velocity impact test system. Ik Hyeon Choi and Cheol 
Ho Lim in 2002 proposed a linearized contact law in studying low-velocity impact 
analysis of composite laminates and compared it to the modified Hertzian contact 
law(1983). Sun and Chattopadhyay, Dobyns (1981) and Ramkumar and Chen (1983) 
employed the first-order shear deformation theory developed by Whitney and Pagano 
(1970) in conjunction with the Hertzian contact law to study the impact of laminated 
composite plates. Sankar (1982)  presented a semi-empirical formula in predicting 
impact characteristics such as the peak force, the contact duration, and the peak strain 
on the back surface of laminates. Ganapathy and Rao (2001) predict the damage in 
laminated composite plates and in cylindrical/spherical shell panels subjected to low 
velocity impact. The continuity of the work conducted by the authors Tiberkak et 
al.(2005). Gaussian points via our numerical model, then the failure criterion suggested 
by Choi and Chang (2002) is used to predict matrix cracking and delamination. Impact 
Damage Resistance and Damage Tolerance of Fibre Reinforced Laminate Composites 
were investigated by Ritz in his PhD thesis (James, 2006). Tita, V., et al. reported 
experimental and numerical approaches in their paper (Tita, 2008), however the 
numerical approach uses fracture mechanics for failure mechanism and prediction.     
 
 
2. Damage induced simulations 
Three circular quasi-isotropic specimens of the prescribed geometrical and material 
properties for various numbers of plies and orientations given in the Table 6-1 were 
studied. A large number of trial tests were performed for variable nose shape impactors 
by inducing damage in respective angle plies to induce the damage and study the 
response.  
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A European standard test coupon ‘IM7/8552’ (incorporating carbon fibre prepreg.) of 
150 mm x 120 mm x 2.88 mm dimensions with a circular partition of diameter 50 mm 
at the centre under centrally located load of 10 KN at circle of 2.1 mm, 4.2 mm, and 6.3 
mm diameters were simulated to study the various shapes of impactors for various data 
input and stacking sequences for clamped boundary conditions. The properties of 
lamina used in the simulations are listed in Table 1.  
 
 
 
   Material Properties 
Geometrical properties 
E1 = 150 GPa, E2 =  E3 = 15 GPa 
G12 = 5.7 GPa G13 = 5.7 GPa G23 =7.26 GPa 
 
Properties of pseudo damage plies:  
 E1 = 2 GPa, E2 =  E3 = 1 GPa;  G12 = 0.5 GPa G13 = 
0.5 GPa G23 = 0.5 
 
Poisson's Ratios 
ν12 = 0.33;  
ν23 = 0.03;  
ν13 = 0.01 
Stacking sequences: 
 [45/0/-45/90]S, [45/0/-45/90]2S, 
[45/0/-45/90]3S 
Impactors’ elliptical tips of:  
Semi-major axis: 11.97 mm; 
Semi-minor axes: 3.15mm, 2.1 
mm, and 1.05 mm diameters. 
Sample Thickness = 2.88 mm 
Ply Thickness = 0.12 to 0.36 mm 
Loading: P = 8.9 KN in y-axis  
downward 
Boundary Conditions: Fully 
clamped 
for translations and rotations 
 
Table 1: Input data for homogeneous, damaged and quasi-isotropic materials. 
 
 
 
Figure 1: Simulation model under load and damaged area equivalent to impactor’s tip   
 
A static analysis was performed to simulate deflections against the applied loads. 
Damage was induced as areas of the weaker material properties given in Table 6-1 as 
pseudo damage under the load areas in ply-by-ply fashion until failure was achieved.  
The results depicted in Tables 3 to Table 6 are taken from the output of the 
ProMechanicaTM program. The computational model generates the numerical results to 
Loading Area 
Damage induced area 
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study the transverse bending to correlate it with impactors’ nose shapes. The deflection 
considered in each lamina was simulated and computed deflections are presented for the 
each case in Table 2 below. Simulations consisting pseudo-damage areas under various 
impactors of diameter 6.3 mm nose shape is shown in Figure 2 below. The benchmarked 
output results from homogeneous specimen against the fibre reinforced carbon-epoxy 
specimens layups are presented for comparison in the Table 5. 
 
 
Figure 2: Damage representation model of 6.3 mm diameter nose shape impactor 
 
Since experimental studies are too time consuming and expensive. Thus, a numerical 
process to simulate impact response of materials was developed in effort to increase the 
efficiency of the design of impact resistant structures. Effect of various shape nose 
impactors impact has been analysed in this study. Damage induced in ply by ply fashion 
and effect of load-deflection was compared after damage was introduced.  The visual 
images of the deflection have been shown below. The load-deflection undamaged and 
damage models were programmed into the PromechanicaTM to conduct simulations of 
the impact of the specimens. In order to carry out more realistic simulations, successive 
damage zones under the impactors’ tips were introduced to represent internal damage 
within the specimens. The simulation conditions were made to be consistent and carried 
out until complete failure was reached. The final shapes of the specimens after 
simulations are shown in the following Figures 3 to 7 with successive damage zones. 
The results of the experiments and numerical simulations were compared to investigate 
the reliability of the developed simulation process.    
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Figure 3: Un-damaged plies back-face deflection (mm) under impactor nose shape   
 
The data legend correlates colours of the images to identify the damage levels. The red 
colour represents maximum transverse stiffness degradation. The correlation of 
deflection with damage is shown for various impactor shapes which produce different 
levels of the individual damage components, such as fibre breakage, matrix cracking 
and delamination, which affect the residual properties of the specimens.  
 
Figure 4: Back-face deflection (mm) in damage induced under impactor nose in 900 
degree plies   
  
 
 
Colours and 
deflection (mm) 
values correlate 
the damage 
Colours and 
deflection 
(mm) values 
correlate the 
damage 
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Figure 5: Back-face deflection (mm) in damage induced under impactor nose in 900 
degree plies -450 degree plies.  
 
 
Figure 6: Back-face deflection (mm) in damage induced under impactor nose in 900, -
450, and 00 degree plies  
 
Colours and deflection (mm) 
values correlate the damage 
 
Colours and deflection (mm) 
values correlate the damage 
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Figure 7: Back-face deflection (mm) damage induced under impactor nose in all plies 
 
The deflection was localised towards the centre due to the extensive bending stresses 
experienced by the specimens. Simulation produced values of deflections were obtained 
for various radial divisions. These values were compared against un-damage successive 
ply damages for each radial division. The Table 2 shows that impact for successive 
radial divisions produces realistic values for local damage when radial divisions are 
small and global damage when the radial partition is large. Similarly, comparison of 
undamaged and successive damaged specimens produce increased values of deflections 
in proportion to the induced damage. The simulations were further extended for 
impactors of diameters 4.2 mm and 2.1 mm and selective values were included in tables 
and graphics. Comparisons of the tabular values and graphs validate the simulated 
results.     
 
Impactor diameter 6.3 mm with damage induced plies 
00 Ply  00 & 450 Ply  00,  450 & 900 Plies  
00, 900, 450, 900 & -450 
Plies  
Radial 
distance  
 
Mm Deflection mm 
 
0.315 0.603 0.610 0.661 0.749 
0.630 0.542 0.549 0.595 0.674 
0.945 0.482 0.488 0.529 0.599 
1.260 0.422 0.427 0.463 0.524 
1.575 0.362 0.366 0.397 0.449 
1.890 0.301 0.305 0.331 0.374 
2.205 0.241 0.244 0.265 0.300 
2.520 0.181 0.183 0.198 0.225 
2.835 0.121 0.122 0.132 0.150 
3.150 0.060 0.061 0.066 0.075 
Table 2: Radial positions (mm) versus deflection (mm)  
 
Colours and deflection 
(mm) values correlate 
the damage 
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Graph 1: Radial positions (mm) versus deflection (mm)   
 
 
 
Graph 2: Radial positions (mm) versus deflection (mm)   
 
 
Graph 3: Radial positions (mm) versus deflection (mm)   
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Since modelling impact deformation of composite structures usually involves 
correlating bending induced deformation to applied loads. The effect of local damage on 
the process is mainly through the depth of the deflection created by the load while effect 
of the global damage not only affects the process but also changes the mechanical 
response and post-impact behaviour that are very complicated and difficult to analyse. 
The load-deflection methodology predicts the overall size of the damaged area based on 
the stress distributions around the impacted region. The applied load induces high 
stresses near the area of impact event. The localized stresses initiate cracks, propagate 
delamination, and eventually lead to the final damage state. As the impact energy 
increase under the impactor, the deflection becomes deeper until the specimen is 
perforated. Once damage has occurred and permanent deformation is present at the 
backside of the specimen, the accurate measurements of indentation become very 
difficult. The location of the critical damage region under impactors become 
complicated phenomenon since damage accumulates in through-the-thickness of the 
specimen and internal loads re-distribute after impact.  
 
The results obtained from these computations were found to be correlated with the tests 
carried out of the physical specimens (Ritz, 2006). Simulated images, data tables and 
comparative graphs for parametric studies have been given below.  However, due to the 
limitation of computation power here and the huge number of iterations needed for 
impact simulation with serious damages, linear finite element models like static load-
deflection with allowable mesh size cannot accurately determine the displacement of the 
back surface.  
 
3. Simulation for 8-ply and 24-ply models  
The laminate’s response which had a major influence on the impact behaviour was ply 
orientation. This had significant influence on the damage resisting behaviour of the 
laminate. Cantwell and Motron in 2006 found that, in thin specimens, the damage 
initiated in the bottom layers, whereas with thick specimens, damage initiated in the top 
layers. The overall damage pattern through the thickness in the composite panels 
follows a conical shape. Crossed-plies laminate suffered less damage (Swanson, 1990) 
in the case of fibre-reinforced composite panels. However, the effect of ply orientation 
change on the maximum number of plies was small. The stacking sequences simulated 
results are shown in Table 3, in order to evaluate the influence of the fibre orientations, 
progressively induced damage zones under impactor shapes and variation in nose tips 
on the composite specimen behaviour to evaluate the material performance for 
predicting the composite structure behaviour. The Table 3 shows that the model 
simulates the impactor test. Besides, the load, radial variation of impactors’ nose and 
thickness of the specimens are the same, however, stacking sequences are different. For 
the same simulated load the generated deflection values are different to some extent. It 
is because of the model consisting of more plies is prone to delamination as shear stress 
increases due to the stacking sequence, producing a non-linear behaviour. The model 
correlates the deflected values when displacement is close to the tensile behaviour 
because fibre failures occur and degradation law decreases the material properties. This 
verifies that stacking sequence and impactors nose tips can influence on the load-
deflection response of composite laminates. From the simulated results it can simulate 
the deflection of various stacking sequences.   
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8 Plies Model 24 Plies Model 
Un-damaged Damaged Un-damaged Damaged Radial 
distance mm Deflections mm 
0.000 0.888 0.891 0.939 0.966 
0.210 0.792 0.880 0.900 0.900 
0.315 0.704 0.800 0.800 0.800 
0.420 0.616 0.700 0.700 0.700 
0.525 0.528 0.600 0.600 0.600 
0.630 0.442 0.500 0.500 0.500 
0.735 0.352 0.400 0.400 0.400 
0.840 0.264 0.300 0.300 0.300 
0.945 0.176 0.200 0.200 0.200 
1.050 0.089 0.100 0.100 0.100 
Table 3: Radial positions (mm) versus deflection (mm) for 8 and 24 ply models 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Graph 4: Radial positions (mm) versus deflection (mm)   
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Graph 5: Radial positions (mm) versus deflection (mm)   
The simulations were carried out for constant thickness. However, for variable thickness 
the rigidity changes as it has been taken constant for isotropic materials since the 
thickness ‘h’ as well as the material constants ‘E’ and ‘ν’ are taken as constants. In 
materials if the thickness ‘h’ varies, or the material constants vary according to a certain 
law, the rigidity ‘D’ no longer remains constants. It turns out to be difficult to formulate 
the governing equations of the fibre-reinforced composite laminates considering the 
rigidity as a variable. However, except for a few simple cases of the variation of the 
rigidity, the closed form solutions are not available. Thus, for such cases, numerical 
solutions are best resorted to.  
4.  Simulation of un-symmetric and symmetric layups 
As a result of low-velocity impact load on a composite panel, a deflection is formed and 
a bending moment is generated. If the impacted region is made of a symmetric layup, 
the top layers, from the point-of-view of the impactor, are loaded under compression 
whilst the bottom ones are put under tension. This is because in general the strength of a 
fibre-matrix ply has the lowest value for transverse tension loading. If the impact energy 
is high enough, these cracks propagates through-the-thickness until they reach an 
interface with layer at a different angle. At this stage, delaminations may be triggered, 
due to the discontinuity in the stress-displacement field at these interfaces. Further 
increasing the impact energy may eventually lead to fibre breakage by tension on the 
lower plies. A nonzero coupling matrix implies coupling between bending and 
extension of the laminate. That is, in-plane normal and shear forces produce curvatures 
(bending and twisting) in addition to the in-plane deformations. Similarly, bending and 
twisting moments produce mid-plane strains in addition to the curvatures.  
For the symmetric matrices coupling can be eliminated if the laminate construction 
reduces each element of the coupling matrix to zero. Symmetric laminates are 
constructed because the bending-stretching coupling in non-symmetric laminates causes 
an undesirable warping owing to in-plane loads. The construction of a lamina above the 
geometric mid-plane can be nullified by placing an identical (in properties and 
orientation) lamina an equal distance below the mid-plane. Thus the coupling matrix is 
identically zero for laminates in which for each ply above the mid-plane there is an 
identical ply placed an equal distance below the mid-plane.  
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Simulations for symmetric models do not generate coupling effects of tensile-
compliance as well as compliance-bending stresses and simulations are fast however 
study of the ply orientation effect requires simulation of un-symmetric models.    
From the selective results given in the Table 4 below, the physical load-deflection event 
reliably predicts the symmetric and un-symmetric layups.   
 
Symmetric 
   
Non-
symmetric 
   
Radial 
distance 
 
900 ply 900 & 
450 
plies 
90, 
450, 
00  
plies 
All 
Plies 
900 900 & 
450 
ply 
90, 
450, 
00 
plies 
All 
Plies 
mm Deflection (mm) 
0.315 0.606 0.781 0.846 0.940 0.705 0.847 0.877 1.143 
0.630 0.545 0.703 0.761 0.900 0.634 0.763 0.789 1.029 
0.945 0.485 0.625 0.676 0.800 0.564 0.678 0.702 0.915 
1.260 0.424 0.547 0.592 0.700 0.493 0.593 0.615 0.800 
1.575 0.364 0.461 0.508 0.600 0.423 0.509 0.526 0.686 
1.890 0.301 0.390 0.423 0.500 0.352 0.424 0.439 0.572 
2.205 0.241 0.312 0.338 0.400 0.282 0.339 0.351 0.457 
2.520 0.181 0.234 0.254 0.300 0.141 0.254 0.263 0.343 
2.835 0.121 0.156 0.169 0.200 0.170 0.170 0.175 0.229 
3.150 0.060 0.078 0.085 0.100 0.011 0.085 0.088 0.011 
 
Table 4: Radial positions (mm) versus deflection (mm) plies for symmetric and un-
symmetric models 
 
 
 
Graph 6: Comparative deflection of 8 and 24 plies 
 
From this comparison, it was found that, in the scope of the current study, the specimen 
thickness and orientation is the most important parameters that should be considered in 
the design of the composite structural components for the aspect of impact behaviour.  
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5. Simulation of strain energies for pseudo-damaged induced models 
For the effective use of composite structures the aspect of absorb impact energy in fibre 
reinforced laminated composite structures has also received increased attention because 
of extended computational facilities as well as the material and structure based energy 
devices can be fabricated using simple designs compared to devices based on pneumatic 
or hydraulic principles. For the sake of improving efficiency of impact simulations, the 
material damage was determined in consideration of the local difference of the fibre 
volume fractions. The dissipated impact energies under various conditions and the 
reliability of the developed impact simulation process were examined through 
comparisons of the predicted data with the experimental data. In order to examine the 
factors which influence the dissipated impact energies of composites, drop tests and 
numerical analyses were carried out for thickness variation of specimens and initial 
velocity and mass variation of the impactor. And the results of experimental and 
numerical simulations were compared to investigate the reliability of the developed 
simulation process. Also, impact tests were conducted with variation in impactor shapes 
to experimentally examine the effect of failure mechanisms on the level of dissipated 
impact energy.  The model successfully predicts strains at the top and bottom ply when 
compared to experimental values.  
 
In order to examine the effect of deflection mechanisms on the level of dissipated 
impact energies, simulations were conducted with different impactor types, namely, the 
point, hemi-spherical, and flat types with damage induced zones under nose tips as 
shown in Figure 6 and Figure 2 above. The selected results for flat nose impactor are 
shown in Table 4, in which it can be seen that the different damage mechanism induced 
by each impactor type affected the amount of dissipated impact energies. First, the flat 
and hemispherical types displayed similar energy dissipation levels and failure 
mechanisms. Compared to the point load type in which only a vertically propagating 
crack was observed, in the case of the flat and hemi-spherical types local deflection 
occurred and this extra failure mechanism acted to increase the energy dissipation 
capacity of the specimens. In the case of the point load impactor, it was observed that 
the local penetration occurred in the specimen. This penetration acted to drastically 
decrease the strength of the entire specimens such that the dissipated impact energy was 
the lowest amongst the tested impactor types. Thus, although the initial impact energy 
level had brittle influence, the type of failure mechanism induced by the impactor type 
affects the energy dissipation capacity of the specimen.     
   
Damaged ply under impactor angle Strain energy (KJ) 
00 2.39 
00  and 900 2.56 
00, 900 and -450  2.63 
00, 900 , -450 and 00 3.16 
All plies damaged 3.56 
Table 5: Damaged induced plies versus strain energy 
 
The results showed that geometry governed the impact energy dissipation capacity of 
the specimen and that capacity was significantly influenced by variation in shapes and 
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inducing damage zones. However, it was found that different deflection values 
produced by impactor types affected this capacity. Also, comparison of experimental 
and numerical results showed that the numerical process produced results consistent 
with experimental observations. Although the numerical values posed errors, the results 
were such that the deflections were over predicted which can lead to safer designs.    
 
6.  Simulation of homogeneous and quasi-isotropic materials’ model  
The tabular comparison of simulation generated results from isotropic and quasi-
isotropic models demonstrates and verifies that the simple load-deflection methodology 
could produce realistic predictions. The deflection values are compared with applied 
load against axial displacements. The estimates for the displacements were in acceptable 
agreement under the different heads of the impactors.  This analysis provides the 
opportunity to effectively describe the progressive damaged behaviour of composite 
panels under various impactor shapes. The effect of this local flexural degradation could 
be applied to investigate compression strength. The work shows that one of the 
governing factors in the impact damage resistance is the impactors’ nose shape. The 
project successfully modelled the impact damage event increasing commercial 
applications of composites. Then, the performance of the laminates could be properly 
tailored by controlling the strength parameters for the design against failure. The 
availability of such a code will greatly facilitate the development of composite panels 
with enhanced impact resistance capacity.   
 
Impactor nose 
shapes diameters 
Homogeneous 
materials  
Transversally  Quasi-
isotropic material 
Mm Deflection mm 
2.10 0.93 0.97 
4.20 0.89 0.49 
6.30 0.84 0.29 
Table 6: Benchmarking results for homogeneous and quasi-isotropic materials  
Conclusion 
The BVID of fibre reinforced laminated composite panels for various static load-
deflection models were simulated with emphases on flat nose impactor. The damaged 
areas are based on the stress distribution around the impact region as impact event 
induces high stresses near the contact area which produces localized stresses and 
initiates cracks, associated with propagating de-lamination, and eventually this leads to 
the final damage state.  As the impact energy increases under the impactor the 
deflection becomes deeper until the specimen is penetrated. It was also observed that as 
the input velocity increases the damage comes more local. The effect of this local 
flexural degradation could be later on applied to investigate compression strength.  
The study could be useful to predict the damage of specimen and evaluate performance 
of the laminates to properly tailor by controlling the strength parameters for the design 
against failure. This could lead to an efficient but simple first order approximate to be 
incorporated in commercial purpose software.  
The parametric study of the models presented here can save significant running time, 
compared with finite element non-linear static or dynamic solutions. The static load-
deflection simulation which involved the impact using various diameter impactors 
produced the following results:  
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The energy absorbed by the specimen was the highest for the 2.1 mm diameter impactor 
which also produced the largest deflection.  
The damage threshold load was highest for the flat nose impactor followed by the hemi-
spherical and conical impactors. This agrees with experimental data.  
Different surface damage mechanisms were observed for the three impactor shapes 
whereas the back-face damage was constant for the constant loads but varied in size for 
the small nose impactors.  
The difference between specimens consisting of stacking [45/0/-45/90]s and [45/0/-
45/90]3s was minimal and for global response the similar models would be adequate. 
This would however be used to predict varies failure results.  
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